Abstract-The presence of cyclic adenosine 3', 5'-monophosphate (cAMP) in the ciliated protozoan, <I>Tetrahymena pyrifurmis</I> W, was demonstrated by thin-layer chro matography (TLC). The content of cAMP in the cell increased abruptly in the early exponential phase, and then diminished with further culture. When cells in the ex ponential or stationary growth phase were cultured in a fresh medium, growth was inhibited by addition of dibutyryl cAMP (Bt<SUB>2</SUB>-cAMP) or methylxanthines.
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In syn chronized cultures of <I>Tetrahymena</I>, Bt<SUB>2</SUB>-cAMP inhibited protein and RNA syntheses in the G<SUB>1</SUB> phase and DNA synthesis in the S phase. These results indicate that cAMP regulates the growth of the protozoan in the G<SUB>1</SUB> phase.
Earlier studies on the relationship between cAMP and cell growth showed that cAMP and its analog, Bt2-cAMP, inhibited growth of several types of tumor cells (1, 2) . In the last few years much evidence has accumulated that cAMP participates in regulation of cell growth.
On the other hand, it was found that Tetrahymena, a protozoan in which the meta bolic pathway of catecholamines is the same as in mammals (3, 4) , has both cAMP phos phodiesterase (5) and adenyl cyclase (6) activities. Recently, Iwata et al. (7) obtained results suggesting that the adrenergic mechanism in Tetrahymena may be involved in control of growth in the late G, and G, phases. Therefore, we estimated the cAMP con tent in the protozoan and examined the effects on growth of several compounds affecting the cAMP system.
MATERIALS AND METHODS
The method of culture and synchronization of Tetrahymena has been reported pre viously (8) .
cAMP in the protozoan was assayed as follows. Cells were harvested by centrifuga tion and after addition of 10 Vol. 6 % trichloroacetic acid, the sample was stored at 22'C, after which it was thawed and recentrifuged. The supernatant fraction was washed 3 times with ether and then dried at 38'C. The residue was dissolved in water, and sub jected to chromatography on a thin layer plate (silica gel) as described by Shimizu et a!. (9) . cAMP in the supernatant fraction was also measured using the method of Kumon et a!. (10) .
The methods used to examine the effects of compounds on growth and the isotope labeling procedure have been described in a previous report (7) .
The compounds used were Bt2-cAMP from Boehringer, Mannheim-Japan, cAMP from Asahi Chemical Industry, methylxanthines from Nakarai Chemicals and adenosine triphoaphate (ATP), adenosine diphosphate (ADP), AMP and adenine from Sigma Chemi cals. The radioactive precursors used for studies on protein, RNA and DNA syntheses were as described previously (7). Control culture without Bt2-cAMP (-0-). Radioactive precursor (50 muCi/ml) was added just after EHT.
2. Effect of the growth phase on the cA,%IP content Table I shows the variation of the cAMP content during growth of Teirahyinena. The amount of cAMP in the early exponential phase was approx. 3 times that in the sta tionary phase.
Effects of Bt,-CAMP, cAil1P and methylxanthines on growth
In the exponential phase, growth was inhibited by addition of more than l0' M Bt2 cAMP or more than 10'3 M methylxanthines, as indicated in Table 2 . Growth was not influenced however by concentrations of less than 10-5 M Bt2-cAMP or less than 10' M cAMP and methylxanthines. Similar results were obtained with cells in the stationary phase (data not included).
Effect of Bt2-cAMP on protein and nucleic acid syntheses in synchronized cultures
Results on the effects of Bt,-cAMP on protein, RNA and DNA syntheses in synchro nized cultures are shown in Fig. 2 . In these synchronized cultures, the cytokinesis and initiation of DNA synthesis are found to occur at about 60 and 90 min, respectively after the end of heat treatment (EHT) (7). Bt2-cAMP was added just after or 55 min after EHT. The rate of incorporation of "C-leucine into cells treated with Bt2-cAMP was the same as that into control cells until about 60 min after EHT, but thereafter the rate in the treated cells became less than that in control ones. Bt2-cAMP also inhibited the synthesis of RNA.
Incorporation of "C-thymidine was not inhibited by Bt2-cAMP treatment until 90 min after EHT.
DISCUSSION
The presence of cAMP in many microorganisms was reported by Mackman ct al.
(11) and Okabayashi et al. (12) . Evidence has not however, been reported that any "hor mone" is linked with cAMP as in mammals. In Tetrahymena, one of the few microorga nisms possessing catecholamines, Blum (5) detected cAMP phosphodiesterase activity and found that methylxanthines inhibit this activity. Recently, Rosensweig et al. (6) ob served the presence of adenyl cyclase activity in Tetrahyntena as well as the activation of this enzyme by adrenaline and serotonin, and suggested that the stimulation of adenyl cyclase by drugs was mediated through a i3-type adrenergic receptor. This hypothesis appears to be related to our previous observations (13, 14) that low concentrations of n adrenergic blockers promote growth of the protozoan while 13-blockers inhibit it. As shown in Table I , the level of cAMP in Tetrahyinena varied inversely with the rate of cell proliferation. A similar phenomenon was observed in E. coli (15) . In this connection, it is of interest that the catecholamine content of the protozoan was found to be higher in the early exponential phase than in the stationary one (16).
Our results regarding the inhibitory effect of methylxanthines on growth, coincide with those of Blum (17), however, this inhibition was observed only with high concentra tions of these compounds. Growth of exponential or stationary phase cells, when trans ferred to fresh medium was inhibited by Bt2-cAMP but not by cAMP. As shown by other workers (18, 19) , 
